The objective of this work was to perform the ethanolic pretreatment of stevia leaves from the plant Stevia UEM-13 line and to characterize its physical-chemical properties aiming its use as a sweetener in the development of a diet cereal bar. The same formulation of the cereal bar with stevia leaves without pretreatment was elaborated for comparative purposes. The following ingredients were used in the preparation of the produtcI: fine oat flakes, no sugar granola, cranberry, dehydrated apricots, water, gum acacia and stevia leaf pretreated (F1) and without treatment (F2). According to the results, the diet cereal bars presented significant amounts of crude fiber, protein and antioxidant activity. The product was microbiologically safe for human consumption, reporting lower microbiological values than those foreseen by official regulation. The overall sensory evaluation indicates that the two formulations did not present statistically significant differences regarding the analyzed attributes, being the averages between "liked very much" and "moderately liked". However, considering the group of cereal bars consumers, the formulation sweetened with pretreated leafs (F1) was found more than twice the acceptance regarding to the formulation sweetened with the leaf in natura (F2). These results demonstrate a viable option of a diet food product naturally sweetened.
Introduction
The Stevia rebaudiana (Bertoni) is plant of the Asteraceae family, which presents in its leaves, stems and flowers, the steviol glycosides with sweetness power ranging between 300 and 450 times greater than sucrose, acting at the limit of the sweet taste perception (Lemus-Mondaca et al., 2012) . Among the glycosides of steviol, the most prominents are the rebaudiosides -A and C, and also the stevioside, the latter being classified according to its sweet sensorial profile (Wölwer-Rieck, 2012) . The stevioside present in the stevia leaf has as characteristic a residual bitter taste in its composition, limiting its use in the food industry, as well as the presence of other phytochemical compounds (Formigoni et al., 2018) .
Studies aiming sweetener extractions have been carried out with the intention of minimizing or retarding the characteristic residual flavor present in the stevia leaf in natura (Formigoni et al., 2018; Das et al., 2015; Jentzer et al., 2015) . Formigoni et al. (2018) , have recently reported an ethanolic pretreatment of stevia leaves, which they point out as an innovative approach, where the process selectively removes phenolic compounds and flavonoids that contribute significantly to the bitter taste in the final product.
Currently, most of the dietary products marketed are developed with the addition of synthetic sweeteners, where the main source is sucralose. However, they have certain drawbacks such asI: they are not totally effective in sweetening nor able to provide health benefits (Gasmalla et al., 2017; Kalicka et al., 2019) . The continuous use of these sweeteners can lead to an increase in weight (obesity) and have been targets of several criticisms due to its supposed neurological effect (Honorato et al., 2013; Kalicka et al., 2019) . There are reports that the sucralose sweetener can generate toxic compounds known as chloropropane, as well other related compounds, when exposed to high temperatures (Yildiz-Dzturk et al., 2015) .
Due to the constant concern of people about the health risks of high sucrose intake, such as diabetes, obesity and cardiovascular disease, it is a challenge for the food industry to develop new formulations of non-sweetener-based products, which are endowed of characteristics and taste close to sucrose (Yildiz-Dzturk et al., 2015; Edwards et al., 2016; Lobete et al., 2017; Carvalho et al., 2019; Kalicka et al., 2019) . According to Mooradian et al. (2017) , limiting or reducing the consumption of any kind of caloric or artificial sweetener is of utmost importance for human health. They also emphasize that natural sweeteners have favorable effects on body weight and metabolism when replaced by sucrose.
This growing concern for a healthy diet puts some products and ingredients as a top priority in the development of new foods (Ciulu et al., 2017; Miele et al., 2017; Carvalho et al., 2019) .
On order to serve the market segment of special foods, the diet cereal bars have gained prominence due to their several health benefits (Srebernich et al., 2011) , besides providing practicality of consumption. There are several diet cereal bars sweetened by synthetic sweeteners in the consumer market. However, they present certain drawbacks such as residual bitter taste, which limitates the intake of this kind of product by the consumers who do not follow diets with artificial sweeteners.
Due to these limitations, the food industry must constantly maintain the principle of innovation and product development that anticipates certain needs and demands of the market. On this sense, cereal bars with the addition of pre-treated stevia leaf and natural ingredients that present functional, nutritional and sensorial properties, appear in the market to serve consumers who are adepts and are restrictions in the intake sucrose or artificial sweeteners. Ot is also considered that being an innovation in the field of food products, this food is interesting on a nutritional, social, economic and scientific point of view.
Therefore, the objective of this work was to obtain the stevia leaf pre-treated with ethanol according to the methodology of Formigoni et al. (2018) , and evaluate them as to the chemical properties before and after the treatment, as well as to use them in formulations of cereal bars. Such formulations will be evaluated by physical-chemical centesimal methods, antioxidant activity, microbiological security as well as sensorial evaluations, aiming to contribute to the development of a food formulation with direct technological application, by using pre-treated stevia leaves as a sweetener alternative for innovative products.
Materials and methods

Materials
On order to carry out this work, stevia leaves of the seminal variety UEM-13, cultivated at NEPRDN (Núcleo de Produtos Naturais da Universidade Estadual de Maringá) were harvested at the stage of maximum vegetative growth (55-60 days). Stevia shrubs were previously oven dried with forced air circulation at 60 °C until moisture content was below 10%. The leaves were manually separated from the stalks and branches and then, kept in identified sterile plastic bags. The solvents and reagents used were of analytical grade (P.A.) with purity >99.5%.
Ethanolic pre-treatment and preparation of the aqueous extract from leaves (tea)
The ethanolic treatment of the Stevia rebaudiana leaves was performed by means of ion exchange chromatography column according to the methodology described by Formigoni et al. (2018) . For the preparation of the extracts, 2 g of pre-treated or in natura leaves (UEM-13) were weighed into a 250 mL beaker, previously ground. A volume of 100 mL of distilled water was added, then boiled (100 °C) for five minutes under constant stirring. Finally, the mixture was filtered on filter paper under vacuum. The retained leaves were transferred back into the beaker with the addition of 100 mL of water, for further boiling and filtration. This procedure was repeated again, however, with the addition of 50 mL of water in the retained leaves. Then, the volume of the aqueous filtrate was adjusted to 250 mL with distilled water and, finally, the resulting extract was filled into 100 mL amber flasks and immediately analyzed by HPLC (Gilson, model 307). For the accomplishment of the physicochemical analyzes the aqueous extracts and the dry leaves of the pre-treated and in natura samples were used.
Determination of glycosides from aqueous extract of the leaves
Total glycosides, especially stevioside and rebaudiosides A and C, were determined by high performance liquid chromatography (HPLC). For the analysis of the leaves, 10 mL of the tea sample (aqueous extract) was concentrated in a rotary evaporator and the product was resuspended in 2.0 mL of deionized water and 8.0 mL of acetonitrile (J.T. Baker HPLC grade >99.9%), used as mobile phase, filtered 3 times in 0.45 μm syringe filter, and analyzed by liquid chromatograph (Gilson, model 307), coupled to a SI:32 refractive index detector, with a 5 μm NH 2 column with dimensions of 125 × 4.6 mm.
Centesimal and physicochemical characterization of leaves
The determination of total moisture, ashes, protein, lipids and total fiber content were performed according to the methodology proposed by the Onstituto Adolf Lutz (2004).
The concentration of total phenolic compounds was determined according to the method described by Singleton et al. (1999) with modifications, where the absorbance was measured at 760 nm and expressed as gallic acid equivalents (EAG). For the quantification of total flavonoids the method described by Zhishen et al. (1999) was used with modifications, where the absorbance was measured at 510 nm. Data were expressed as routine equivalents. For the determination of chlorophylls A and B, the method described by Arnon (1949) was used with modifications, where the absorbances were measured at wavelengths 645 and 663 nm, being expressed as mg × 100 g -1 . All analyzes were performed in duplicate to obtain means and standard deviation.
Development of cereal bar
The formulations were prepared in the Laboratory of Vegetal Products at the State University of Maringá (UEM), campus of Umuarama -PR, and the ingredients were purchased in local markets. The formulations of the cereal bars were expressed as a percentage of the ingredients asI: oat flake (18%), no sugar granola (29%), dehydrated apricot (9%), dehydrated cranberry (9%), stevia leaves (1.8%), acacia gum (8.2%) and water (25%). The binder solution (acacia gum, water and stevia leaves macerated) was heated to 105 °C by 3 min. After this time, the dry ingredients were slowly incorporated into this solution still hot, under continuous agitation in a cooking pot. The mixture was then spread with the aid of a cylinder until it reached an average thickness of 1 cm. The following formulations were preparedI: F1 with pretreated stevia leaves and F2 with stevia leaves in natura. The samples were packed in packs made with pvc film for further analysis.
Microbiological analyses
Microbiological analyzes were performed at the Laboratory of Food Microbiology of the State University of Maringá (UEM), Campus of Umuarama -PR, according to the methodology proposed by Silva et al. (2001) , and the reccomendations from RDC nº 12/2001 of ANVOSA (Brasil, 2001) for cereals, where Bacillus cereus, Salmonella spp, total yeast and mold counts were evaluated, as well as coliforms 45 °C.
Sensory evaluations
The sensory evaluations were carried out at the Sensorial Analysis Laboratories (DTC/UEM), in individual booths under white light after the approval of the project by the Ethics Committee of UEM (CAAE 18718013.3.0000.0104). To verify the acceptability and preference of the panelists, a 9-point hedonic scale was adopted (1 = extremely disagreeable) (9 = extremely liked). The evaluated attributes were the general appearance, aroma, flavor and texture. On addition, the intent to purchase the product according to the scale (5 = definitely buy; 1 = definitely would not buy) has been verified. The characterization of the sensory team, regarding the consumption of diets products, was also evaluated. The sensory panel consisted of 100 untrained individuals of both genders, aged 15 to 55 years. The panelists were previously instructed on how to complete the evaluation form and conduct the analysis. Samples with ~2 g were served to panelists at random in disposable white cups, encoded with random numbers plus evaluation forms, and free consent term. The results were evaluated by means of the Tukey and Anova tests, with significance level of 5%.
Results and discussion
Physical-chemical characterization of stevia leaves
The results from the analysis of the centesimal composition, as well as other phytochemical constituents of Stevia rebaudiana leaves, with and without ethanolic treatment, are shown in Table 1 .
There was a significant decrease (p > 0.05) in the yields of twelve constituents among fifteen analyzed, regarding the pretreated leaves compared to in natura. This result was already expected since the ethanolic extraction may drag of some compounds present in the leaves. This can be explained by the fact that ethanol is an amphipathic solvent capable of dissolving a lot of polar and nonpolar compounds (Formigoni et al., 2018) .
Regarding total glycosides, steviosides and rebaudiosides A and C, no significant variations (p < 0.05) were observed between the two groups. Significant variations (p > 0.05) in the comparison of the parameters proteins, lipids, moisture, chlorophylls A and B, total chlorophyll and phenolic compounds were observed between the two treatments. These results are in agreement with previous analyzes reported (Formigoni et al., 2018) .
On the paper of Martins et al. (2016) , yields of 2.15% is reported for the compound rebaudioside A and, 1.27% for the stevioside, both extracted with ethanol solvent by the maceration process. On our work, although the solvent was the same (ethanol), the extraction process used was ion exchange column and, in this case, the yields for extraction of rebaudioside A and stevioside were 4.9 and 3.7 (g × 100 g -1 ) respectively, demonstrating that the ethanolic pretreatment performed on stevia leaves by column is advantageously feasible. Amounts very similar to ours has also been obtained by the same methodology and reported in the literature (Formigoni et al., 2018) .
The flavonoid levels measured for the two treatments were statistically the same (p > 0.05), but higher than the value of 15.64 μg × EQ g -1 reported in literature (Kim et al., 2011) obtained from the aqueous extract of stevia leaves. The same literature reports the value of 130 μg × EQ g -1 for phenolic compounds, which is below the reported in this work.
Regarding anthocyanins, although the value measured in the pretreated leaf is significantly lower than that of the in natura leaf (p > 0.05), they do not represent an expressive amount compared to other foods rich in these compounds (Texeira et al., 2008) . This is justified by the fact that this pigment is more frequently found in significant amounts in the fruits compared to the leaves of the plants (Cavalcanti et al., 2011) .
Considering the contents of phenolic compounds and flavonoids, the leaves pretreated with ethanol did not significantly lose their antioxidant potential, thus being able to contribute with the functional properties of the food sweetened with these leaves.
Centesimal composition and other phytochemical constituents of the cereal bar
The formulation of the cereal bar with apricot was an innovative choice, because, to date there are no formulations of this product with this fruit in the Brazilian market. On addition, apricot has interesting nutraceutical properties. Ot provides protection against radiation and has cardiorespiratory activity in vivo which is associated with its phenolic antioxidant content (Parlakpinar et al., 2009 ). On addition to polyphenols, apricot is also a rich source of carotenoids and vitamin C (Hegedüs et al., Table 1 . Centesimal composition and other phytochemical constituents of Stevia rebaudiana with and without ethanolic treatment.
Parameter
Untreated leaf Leaf with treatmen Total glycoside (g × 100 g -1 )
10.9 10.3 Stevioside (g × 100 g -1 ) 4.0 3.7 Rebaudioside C (g × 100 g -1 )
1.8 1.7 Rebaudioside A (g × 100 g -1 )
5.1 4.9 Proteins (g × 100 g -1 ) 20.5 a ± 0.16 19.6 b ± 0.12 Lipids (g × 100 g -1 )
2.9 a ± 0.12 1.3 b ± 0.10 Ashes (g × 100 g -1 )
10.0 a ± 0.04 10.7 a ± 0.42 Fibers (g × 100 g -1 )
5.4 a ± 0.29 7.6 b ± 0.39 Moisture (g × 100 g -1 ) 6.6 a ± 0.02 5.5 b ± 0.05 Chlorophyll A (mg × 100 g -1 )
1.3 a ± 0.02 0.9 b ± 0.00 Chlorophyll B (mg × 100 g -1 ) 1.7 a ± 0.03 1.5 b ± 0.00 Total chlorophyll (mg × 100 g -1 )
3.0 a ± 0.02 2.4 b ± 0.00 Anthocyanins (µg × 100 g -1 ) 0.5 a ± 0.01 0.4 b ± 0.00 Phenolic compounds (mg × EAG g -1 )* 4.8 a ± 0.00 4.3 a ± 0.00 Flavonoids (mg × EQ g -1 )* 1.2 a ± 0.01 1.2 a ± 0.02 *Analyses performed on aqueous extract after extraction. Values with different letters in the column are significantly different at 5% level by the ANDVA test. 2011), characteristics that add functional value to the developing cereal bar.
Another component that added nutritional value to the product under development was cranberry. Because it contains low sugar level and high levels of organic acids, mainly citric acid (Vitamin C), which confers most of its acidity. On addition, cranberry is a fruit with antioxidant properties, rich in flavonoids, anthocyanins, pro-anthocyanins, phenolic acids and vitamins. According to its nutraceutical properties, the cranberry fruit is beneficial to human health in combating infections at urinary tract, as well gastrointestinal, cardiovascular and anti-inflammatory diseases (Nowacka et al., 2018) . Table 2 presents the mean values of the physico-chemical analyzes of the two formulations of cereal bars sweetened with stevia leaves, with and without treatment. On general, no significant differences (p > 0.05) were observed between the contents of the two formulations. This can be justified because, although the ethanolic treatment of the leaves altered the contents of some componds, the contribution (proportion) of the stevia leaves in the composition of the cereal bar was small (1.8%). Therefore, any significant variation in the compounds of the pretreated leaf was diluted within the highest levels observed in the cereal bars.
Dietary cereal bars without and with pre-treated stevia leafs had a moisture content of 15.0 and 14.6%, respectively, within the limit established by Brazilian legislation, Resolution RDC nº 12, of July 1978 (Brasil, 1978) , of a maximum of 15%, which provide satisfactory shelf life with long durability. This moisture content provides security against the growth of deteriorating microorganisms, since most fermentative bacteria, molds and yeasts require high moisture contents to proliferate. On addition, high humidity reduces crispness, which is the characteristic sensorial attribute of cereal bars and the loss of it is characterized by softening is a consumer rejection factor.
The low lipid levels observed may be justified by the formulations do not contain high fat ingredients, as opposed to other formulations that use margarine (Fonseca et al., 2011) . The lipid levels observed in our formulations are considered satisfactory for the purpose of this study, since high fat diets are related to overweight, obesity, among other metabolic problems.
The total fiber contents found in the formulations of cereal bars made with stevia leaves with and without ethanolic treatment were 5.6% and 3.5%, respectively. Although the stevia leaves used in both treatments originate the same lot and the same plant variety, we can not explain how the ethanolic treatment promoted this difference. However, it is most likely that the ethanolic treatment has dehydrated the leaves, which may have concentrated the fiber content (and also protein) by weight. Regarding the fiber contents, these are above average observed in the commercial cereal bars and those reported in the literature (Freitas & Moretti, 2006) .
Regarding the protein content, the formulations presented in this work had 12% and 11% (with and without treatment respectively), relatively higher and desirable contents, compared to similar products described in the literature, which presented 4.2% on average (Peuckert et al., 2010) . As for the ash content, the cereal bars developed in this work had low levels in both formulations, however, these values are similar to those described by Deodato et al. (2015) who reported levels of 2% in cereal bars elaborated with facheiro flour.
The mean values of pH measured in the two formulations were 4.5 and may be justified by the lack of acidulants added to the formulation. Considering that pH below 4.0 becomes an environment unfavorable to the growth of mesophilic microorganisms, this result was important for the maintenance of shelf life of the product and maintenance of the nutraceutical properties of the product (Jay, 2005) .
There was no significant difference between the averages for total titratable acidity (0.4 g citric acid × 100 g -1 ). Since organic acids present in foods influence the taste, odor, color, stability and maintenance of product quality, this result partly explains the similar assessments in the flavor and aroma aspects observed in the sensory analyzes for the two formulations. The determination of the total titratable acidity in foods is very important because it is through it we can obtain valuable data of the processing and the conservation of the foods (Cecchi, 2003) .
The cereal bars presented a mean of 52 mg × 100 g -1 vitamin C, a value similar to those reported by Peuckert et al. (2010) of 57 mg × 100 g -1 (14.3 mg × 25 g -1 ) on cereal bar made with camu-camu fruit (Myrciaria dúbia), which compares with the vitamin C content of commercial cereal bars that presented, on average 36 mg × 100 g -1 (9 mg × 25 g -1 ).
The results obtained for antioxidant activity and the contents of phenolic compounds present in cereal bars were statistically similar (Table 3) , however, the concentrations of flavonoids were statistically different in the two formulations. Ot should be noted that any percentage of antioxidant concentration present in cereal bars represents a differential from the nutritional point of view, since Brazilian legislation does not require minimum antioxidant content in the final product (Brasil, 2003) .
On this context, the cereal bars formulated in this study have nutritional properties beneficial to consumers, allowing the enrichment of their diet. The antioxidants obtained by food, slow down the aging process, combating or inactivating free radicals that are formed in spite of the natural defenses of the body, causing damages before being eliminated. A recent study (Barbosa et al., 2010) demonstrates that a healthy diet is essential to achieve the balance between antioxidants and the amount of free radicals produced by metabolism, since a healthy diet can provide carotenoids, lycopene, vitamin C, vitamin E, among others. Table 2 . Mean results (n = 100) of the scores in the evaluation of sensory acceptance of pretreated and untreated stevia leaf cereal bar samples.
Aspect evaluated
Untreated leaf Leaf with treatmen General aspect 6.3 a ± 1.42 6.5 a ± 1.51 Appearance 6.0 a ± 1.40 6.0 a ± 1.44 Texture 6.5 a ± 1.39 6.4 a ± 1.40 Aroma 6.2 a ± 1.41 6.3 a ± 1.41 Flavor 5.9 a ± 1.84 6.2 a ± 1.76 Ontenção de compra 3.1 a ± 0.93 3.4 a ± 1.00
Values with different letters in the row are significantly different at 5% level by the ANDVA test.
Microbiological evaluations
The results of the microbiological analyzes for Salmonella, total yeast and mold counts, Bacillus cereus and coliforms at 45 °C were lower than the reference values, which means that the samples are within the standards established by Brazilian legislation, the resolution RDC nº 12, dated January 2, 2001 (Brasil, 2001) , which allow the cereal bars to be used in the sensory analyzes, since they were microbiologically safe for human consumption, and are not a vehicle for microorganisms involved in food-borne diseases. These results also confirm that the hygiene and handling procedures of the cereal bars were performed properly, which ensured the microbiological safety of the product.
Sensory analysis
Characterization of the panelists
The sensory analysis was carried out at the State University of Maringá -PR, campus Umuarama, with untrained panelists composed by students, teachers, administrative, operational and laboratory technicians, aged between 15 and 55. There was a predominance of the female gender, representing 66% of the panelists. Most of them were not adept at consuming cereal bars and diet foods. About 59% of the panelists said they rarely consume; 18% consume daily; 17% consume once a week, and 6% of panelists never consumed.
Acceptance of formulations regarding attributes general aspect, appearance, consistency, aroma and taste
The two formualtions of cereal bar were equally accepted by the tasters in terms of the attributesI: appearance, consistency, aroma, taste and overall aspect, as the Tukey test results showed no statistically significant difference (p > 0.05) between the means of acceptance (Table 2; Figure S1 of the Supplementary Material). The averages lie between "O liked very much" and "liked moderately", meaning they showed good sensory acceptance. The two formulations using with stevia leaves with and without ethanolic pre-treatment, had a satisfactory incorporation potential without loss of sensorial attributes (Table 2) , becoming a promising dietary product, since the market only provides diet cereal bars sweetened with synthetic sweeteners and, when natural, it is in the form of the isolated active principle, which have characteristics of have residual taste after swallowing.
When the level 5 range of the hedonic scale of purchase intent is evaluated (Figure 1) , which is composed of panelists who would actually buy the product, the F1 formulation (made with pre-treated leaves) was better ranked regarding the formulation F2 (made with untreated leaves), demonstrating the good acceptance of this product among consumers of cereal bars.
Conclusions
Ot can be concluded from the results that the ethanolic pretreatment of stevia leaves slightly decreases the total glycosides contents, however, without altering the sensorial characteristics of sweet taste, as well as slightly decreasing the centesimal composition, with the exception of the total fibers. Two cereal bar formulations made with the same base, however, sweetened with stevia leaves in natura or pre-treated with ethanol, were successfully obtained. The sensory evaluation of these products showed that, among the regular consumers of cereal bars, the formulation sweetened with pre-treated leafs found more than twice the acceptance regarding to the formulation sweetened with the leaf in natura. This demonstrates that the use of stevia leaves pre-treated with ethanol may be a viable alternative as a natural sweetener for the development of food products. 11.1 a ± 0.05 12.2 b ± 0.13 Lipids (g × 100 g -1 ) 2.7 a ± 0.15 2.7 a ± 0.02 Ashes (g × 100 g -1 )
1.8 a ± 0.08 2.1 a ± 0.02 Fibers (g × 100 g -1 )
3.5 a ± 0.09 5.6 b ± 0.20 Moisture (g × 100 g -1 )
15.0 a ± 0.02 14.6 a ± 0.05 Carboidrato 66.1 a ± 0.10 62.8 b ± 0.22 pH 4.5 a ± 0.01 4.6 a ± 0.01 Titratable acidity (g citric acid × 100 g -1 ) 0.4 a ± 0.00 0.4 a ± 0.00 Vitamin C (mg ascorbic acid × 100 g -1 )
52.9 a ± 0.04 52.9 a ± 0.05 Antioxidant activity (µg × ET g -1 )* 0.9 a ± 0.73 0.9 a ± 0.30 Phenolic compounds (µg × EQ g -1 )** 8.4 a ± 0.50 8.0 a ± 0.16 Flavonoids (mg × EQ g -1 )*** 4.8 a ± 0.04 6.2 b ± 0.57
Values with different letters in the column are significantly different at 5% level by the ANDVA test. *µg ET = Trolox equivalents; **µg EQ = equivalent to quercetin; ***mg EQ = equivalent to quercetin. Figure 1 . Average purchase intention of cereal bars sweetened with pre-treated and in natura stevia leaf. Values with different letters in the row are significantly different at 5% level by the ANDVA test.
